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Nuclear enhancement at lower energies

B STAR Preliminary
B Stat. errors only ° 7.7GeV
»=  11.5GeV
10— Not feed-down corrected 19.6GeV
= 27GeV Lower energies
2 — 39GeV
S 62.4GeV strongly enhanced -
8 | 200GeV STAR(2003) Cronin effect?
ﬁ\‘; B 2.76TeV ALICE
=)
‘; 1= = = = mnciootyr = = = = = = = = = = = e
O — .
© F * . Drops below unity
Noor — between
_ oo npe s ﬁ— Vsnn = 27- 39 GeV
10-1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 1 2 3 7 8 9 10

) pT(G‘réwc) °
Note: Rcp < 1 does not imply the absence of suppression (jet quenching)

Need to disentangle Cronin and parton energy loss effects
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Cronin at lower energies
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Comparlson to models

200 GeV - odd low pt behavior
Generally overestimates Rqp

AMPT
limited p; reach
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Centrallty in d-Au: “loosing control” data

PHENIX Preliminary
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Enhancement larger in
peripheral collisions

- naive expectation
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Centrality in d-Au
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STAR TPC -1<n<1, FTPC 2.8<n<3.7, ZDC n>6
PHENIX 3.1<n<4.9 (BBC)

Different rapidity ranges to define
centrality — different event samples
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Tighter correlation in Au-Au

3.1<|n|<3.9
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Different in fluctuations/jet contamination -2.2<n<2.2
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Does recoill jet hit forward regions?
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Ul_llllIllllIlllIIIlllIllllIllllIllllIllllIll

L=

Pthar> 10 GeV: <10 partons in FTPC region

Ptuat> 15 GeV: 0 partons in FTPC region

15 <pThat <40 GeV/c

both partons in all events

m— partons whose partner falls
within [n| < 0.6

If n>3 for centrality
trigger di-jet partner
not at mid-rapidity
Fluctuations different
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Charm suppression
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Similar to light quarks at high pr

arXiv:1204.4442
arxiv:1207.5445
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Charm suppression

arXiv:1204.4442
arxiv:1207.5445
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Filled markers : pp rescaled reference
Open markers: pp pT-extrapoIated reference

TAMU, arXiv:1204.4442
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Raa prompt D

D;

Flow effect stronger at
RHIC?

At low pTt observe enhancement - reco and/or flow? shadowing?

Same model describes LHC and RHIC
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Bottom su
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Hint that RaaP < RaaP
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Does this mean
less energy loss?
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Opaqueness/stopping power of QGP

Measure fractional momentum loss
Op/p; instead of R,,

Different dp,/p; for similar R,

107

10°®

p+p OT,g

PRC 87, 034911 (2013)
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Opaqueness/stopping power of QGP

Measure fractional momentum loss
Op/p; instead of R,,

Different dp,/p; for similar R,
(OpT)LHe = 1.3 (OPT)RHIC

but
(dN/dy)LHe = 2.2 (dN/dy)rHic

==w%—— Pb+Pb 0-5%, d(global)=0.3%
=——e— Au+Au 0-5%, 6(global)=1.0%
—a&— Pb+Pb 70-80%, 5(global)=0.7%
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QGP at LHC and RHIC acts
differently on hard partons

Smaller dpr at high pr

Smaller coupling at LHC?

P, (p+p) (GeV/c)
, 034911 (2013)
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B vs D Raa: Very simple toy

b 4 —e— BT _
Sok s ging LHC spect |
g Fog, T, 2 ¥ tonatp, i g spectra as example
TE T FONLL calc. of B— J/y and D
:Zi Assume binary scaling of yield
o
10-‘02' L

Fit pp spectrum with Tsalis
Then energy loss either:

OpP;/Pt=0.3 or OPt=10 GeV/c
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vs D Raa: Very simple toy
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Fit pp spectrum with Tsalis
Then energy loss either:
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arXiv:hep-ph/0102134
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Jet Raaat RHIC

Suppression even of jets demonstrated in 2009 - first jets in HI collisions
Differing techniques make comparisons difficult

Work continued at LHC improved understanding of backgrounds, fluctuations,
unfolding, biases
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New results with higher stats. in the works
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hadron-hadron correlations Yo IRIDE
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Some surface bias
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d-Au mid-rapidity correlation functions

1< p_l_trig, pTassoc <3 GeV/c
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An correlations, ZYAM'ed

ZYAM-ed

1< p_l_trig’ p_l_assoc <3 GeV/c
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Reasonable agreement between experiments with same cuts
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d-Au TPC-FTPC correlations

40-100%, 1)k p!” <3 GeVic, 0.15 < p'*' < 3 GeVic

Extend study to larger An

0-20%, 1% p!’ < 3 GeV/c, 0.15 < p” < 3 GeVlc

\'[

An triangle acceptance
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Calculated Fourier Coefficents
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Strong dependence of V1 and V2 on An
Strong dependence of V1 on mult.
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Calculated Fourier coefficients

1< p_l_trig, p_l_assoc <3 GeV/c
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Au-side > d-side

Correlations have V, and V, components
V, appears ~1/N. V, ~constant over multiplicity
Even at very forward d-side, V, component is large (maybe even larger than Au-side).
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YaJEM-DE-MC

v-hadron correlations

ijet—h

N

trigger photon

associates

y-jet pairs produced in g+g — q+y

Photons do not lose energy in the medium, p,Photon = p_parton

Little/No surface bias
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v-hadron

m P PHENIX Au+Au 0-20% 5<pm9<15 GeVic x 0.5<pn<7 GeVic
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pp data compare well to TASSO data

Softening of recoil jet fragmentation in central Au-Au events
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y_had ron arXiv:1212.3323
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- + 8% p+p Global Scale Uncertainty - mo d |f| ed
B [ correlated systematic error _
1 0.4 11 11 I L1 1 I L1 1 I 1 1 I 1 1 1 I L1 11 I L1 11 I | - 2 )
-1 05 0 0.5 1 1.5 2 2.5 3 5

pp data compare well to TASSO data

Softening of recoil jet fragmentation in central Au-Au events
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Where does the energy go? arXiv:1212.3323

v - Energy calibration |Ap-n| < m/2

Iaa as function of “cone R” Y () g

I _yield in AutAu
AA T yield in ptp
25_ BW-MLLA in medium Eje;=l7 GeV E
: 2;_ ----- YaJEM 9-12 GeV/c _§
“Lost” hard particles emerge |, , .- 9] E
as multiple soft particles [ = o — It L
0'§§_|_';":¥_Q—QE@"’—— ~ -global sys =+ 6% (b) =
0 0.5 1 1.5 2 2.
&=In(1iz_)
high z; low z;
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Where does the energy go? arXiv:1212.3323

Y - Energy calibration
Iaa as function of “cone R”

I _yield in AutAu
AA T yield in ptp

Lost” hard particles emerge
as multiple soft particles

|AQ-t| < T/6 |A(p n|<w/3  |Ae-rn| <m/2

2.5

IAA

1.5

0.5

|||||||||||||||||||||||||

o |A)-Tt|<m/2

I

5<p <9GeVch05<p <7 GeVic

@

H -global sys =+ 6% (a)

EE*

I|IIH|IHI ITT

~ w|Ao-n|<n/3 0-40% AutAu PHENIX_
— AJAG-mt|<n/6 H@ %

0 0.5 1 1.5 2

S

high z; low z;

In narrow cone (|A@-11| < 11/6 (R~0.5)):
high-z; hadrons “lost”, no corresponding “gain” at low z;

NI|HI\|I\II \III|I

soft particles at large angles
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Jet-hadron correlations YaJEM-DE-MC

jet=h

reconstructed
trigger jet

associates

y [fm]

x [fm]

Jet surface biased by trigger selection, priet**~pTiet’? !=pTparton

Extreme surface bias

Helen Caines - WSV - Aug 2013
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Jet-hadron correlations

N 1 \[Sxx = 200 GeV
L W0 %58‘ —o— ptp HT
> F —&— p+p HT ® Aut+Au MB
> b % —¥— AutAuHT, 0-20%
]
2 F
. 107 =

44
s \
9;Q;_ :

) AN, Jdp

z Note: pl:’m is calculated _: —
& only from constituents with L
~ 10 p >2GeVie =
= T B
- (@) —v—
:|1|1||1|1||1|1l|1||l|1|11|11|l||1|l|11|l||1|
3.0 —— Au+Au HT / p+p
5 <E —4— Aut+Au HT / [l){+ ® Au+Au MB
E I Relative Track Efficiency
o 2.0F I Relative Tower Energy
= C B A E Shift
= 15
o =
1.0;
0.5F
S T S (S SIS RS - S (R N (Rt

Reconstructed Jet P, (GeV /ci

Au-Au trigger jet spectra (and
correlations) look like pp
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Jet-hadron correlations

10 < p.!';t"'“ <15 GeV/e e AutAu, 0-20%

n n +
- i Syy = 200 GeV — 0.5<p"<1GeVie L PTP

- Wi X —— p+p HT e F

s E —4— p+p HT ® Aut+Au MB J s

S “% —¥— Au+AuHT, 0-20% > F

2 = F

e [ s Lo

g 10‘2 é“ E

N
*
W

) AN /dp,

=

3 ¥ W
— - jet.rec , V= =
=z [ Note: p’T is calculated @ —p— 0.7 rcoc
& only from constituents with : = 4<p, <6GeVic Sxx = 200 GeV
Z 104 —A—= 0.6—
p.> 2 GeV/c —v— C . . fainfv
T —a— - /7] v, and v, uncertainty
(a) —v— 2 F [ ] trigger jet uncertainty
' = =
PN T U T T T I T T T T W A T U A B O B B O B Z 04— dete(‘toruncertainh’
0 —— Aut+Au HT / p+p E = = L] ‘
g —&— Au+Au HT / ]i{+ HT ® Au+Au MB Z o3
- ck Efficiency 4 =
I Relative Tower Energy - =

5— mm Relative Tra

3.
2
=) 2 0.2
s B A E Shift 2
= 15
o~ 0.1
1.0 (b)
0-5 0-0 1 1 1 1 1 1 1
0 0 YR TR TR T (NN SN T SN TN NN TN SN SNNY TN (NN WO TN TN TN (NN TN SO SN WO NN TN SN SN SN NN SN SN SN S (N SN SN NN S NN S S N _l 0 l i 3 4 ;
0 5 10 15 20 25 30 33 40 45 ¢

Reconstructed Jet P, (GeV/cj

Au-Au trigger jet spectra (and
correlations) look like pp

High pt suppression,
Low pt enhancement
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Awayside Gaussian widths and yields

AS

Awayside Gaussian Widtho

AS

o)
=
=)
=
=
]
‘R

174

=
<
&

]
=
7
>
«
5
<

20 B — I arXiv:1302.6184 [nucl-ex]
10 < =™ <15 GeV/e

m AutAu, 0-20%,\/syy =200 Ge
o p+p
- detector uncertainty

V2 and V3 uncertalnty

Awayside Gaussian Yield

significant low pr
enhancement
possible
broadening

Awayside Gaussian Yield

EETE '16'- 8 10 12 assoc 16
p;ssoc (GeV/c) (GeV/c)

Widths suggest jet broadening at low-p; (but highly-dependent on v;)

Further information is needed about v,¢, vjet (possible correlation of
jets with reaction plane / participant planes)...
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AA

Awayside energy balance

20 <pi"™ <40 GeVie 3

. r—

12 14 16
p"TSS"c (GeV/e)

assocy __ assoc assoc
Daa(p7 %) =Y 4uau(0T°) - (07°°) Auan
nassocy /. _assoc
_Ypp (pT ) <pT >pp
JFTTTTT 11 T T T FTTT T T T T 3
F . 1 : ]
E 10 < p"""™*° <15 GeV/e - 15 < p*""*“ <20 GeV/e 3
y‘// T . T ]
3 ;
i \—.‘\/‘f a =
.7'—|...|...|...|...|...|...|...|...|.—::—|...|...l...l...l...l...l...l...l.—'
| L | | | —o 2 4 6 8 10 12 14 16
3 P (GeV/e)
3—

B AutAu, 0-20%,\/sy, = 200 GeV
- detector uncertainty

|| v, and v, uncertainty

| trigger jet uncertainty

arXiv:1302.6184 [nucl-ex]

> Daati)

paseoc bins

preee  AB pr>2GeV/e

(GeV/c) (GeV/e)
10-15 2.5
15-20 4.2
20-40 -5.1
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AWayS lde ene rg y balance arXiv:1302.6184 [nucl-ex]

DAA(T)%‘SSOC) :YAU,AU,(I)%SSOC) . <p(71"SSOC>AuAu AB = Z DAA (p%ssoc*.)

_Ypp (p%ssoc) ) <p%ssoc>pp pgssoc bins
. SLLRL L T FroT T T T T ] p_Ijet,rec AB pT> 2GeV/e
s ; 10 < p*** < 15 GeVe + 15 < p"* <20 GeV/e ; (GeV/c) (GeV/ce)
. ; 10-15 2.5
‘ 15-20 -4.2

g 20-40 5.1

) TENFINE I IPEPEPE IPEPEPE EPEFEE EPEPEPE PR EPEPE AP © PR PP IPIFIT PP PRI IPEPEPE PR P
| L | | | —o 2 4 6 8 10 12 14 16
s p;ss"c (GeV/e)

p T] et,rec

¥ 20 < p";““ <40 GeV/e 3

(GeV/c)

m Au+Au, 0-20%,\[5yy = 200 GeV

- detector uncertainty 10_15 _ O 6 N O 2 +02 0 +3.7l1 +2.3
] v, and v, uncertainty T -0.24-0.5{-0.0
trigger jet uncertainty 15_20 _ 1 8 + O 3 +0.3 0+1.0 I1+1.9
e -0.3 §-0.0 ||-0.0
e e R N DR
paTssoc (GeV/e) 20_40 _ 1 0 + O 8 +0.1 §+1.2 ||+0.3
s -0.8 §-0.1 |-0.0

Uncertainties due to:

Near perfect energy balance when
. . . detector effects
integrate over all pr and jet correlation v, and v,

jet energy scale
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Jetv, at STAR

Correlation between jet axis and event plane

]'et <COS (Q(Wjet — LDEP))>
Vs =
2 R

STAR Preliminary
STAR, QM 2012

|

|
HT 10-12 12-15 15-40
Reconstructed Jet P, (GeVic)

Jet v,{FTPC EP} is non-zero

Jet Definition:
HT trigger E; > 5.5 GeV

constituent p;<ut = 2 GeV/c
INjetl < 0.6

o V,{TPC EP} (|n| < 1)
o V,{TPC EP} (2.8 < |n| < 3.7)

— more jets reconstructed in-plane than out-of-plane
— evidence of pathlength-dependence of parton energy loss
Jet v, = HT v, — bias towards unmodified jets largely driven by HT requirement
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Where do enhancement turn on®?

I I

4_
N —— - IAu+Au,020%—YaJEM-DE
- : : = 2 B detector uncertainty
oBF -~ BW-MLLA mclnedlljm Ejet-7 GeV o F) [, and v, uncertainty
5 = --- YaJEM 9-12 GeVl/c B] E - '!'» [ Jtrigger jet uncertainty
- >, 2
< 1.5 + = 3 F o 10<pjet’m<15 GeV/e
< = ._f"""'m_ R t
1 . o il . 20<pJe " <40 GeV/e
0.5 - —]}j"";i—"—_:’w?’ = 0
= el ----7T - =+ RO 5 f
03—:‘..’. = glpbalsyg +6/o (! LA ' .
0.5 1 1.5 2 o
E,=In(1IzT) _:.@mﬂz.opﬁe.v.l...1...1...|...|...|.
% 2 4 6 8 10 12 14 16

s (GeV/e)

At RHIC switch from suppression to enhancement occurs at ~2 GeV/c

Helen Caines - WSU - Aug 2013 29




Where do enhancement turn on?

4_1 T I I
’ s Au+Au,0-20% — YaJEM-DE
2 [ detector uncertainty
° 3:_:'; v, and v, uncertainty
E - &) [Jtrigger jet uncertainty
2=
3 - * 10<p;"™ <15 GeVic
1
o . 20 <p‘;"ec <40 GeV/e
‘w
< —
A
_:.@mﬂz.o.oﬁe.v.l...1...1...|...|...|.
% 2 4 6 8 10 12 14 16
p*¢ (GeV/e)

At RHIC switch from suppression to enhancement occurs at ~2 GeV/c
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Where do enhancement turn on®?

4

3

Illlvlﬂlﬁll II

(GeV/e)

2

AA
TT 17

Pt

I

. Au+Au, 0-20%

— YaJEM-DE

B detector uncertainty
v, and v, uncertainty
[ trigger jet uncertainty

* 10<p;"™ <15 GeVic
" 20< pJ;'*’“ <40 GeV/c

Awayside D
>

.
ot

=.:)Illl

N g ——
.\/.s:m|=[2.0.0|G.e.V.|...1...|...|...|...|.
4 6 8 10 12 14 16

p*¢ (GeV/e)

At RHIC switch from suppression to enhancement occurs at ~2 GeV/c

D(p,)

—_

E ATL

@ F Pb+P B
nb’!

E- I‘inl=0
14F

1.3
12 &
116

T .
Preliminary
=2.76 TeV

anti-k; R=0.4
pif‘>100 GeV
0-10%/60-80%

PbPb — pp (1/GeV)

lllll

CMS Preliminary ]

L, = 129 ub™

0-10%

Jetp_ > 100GeV/c, i <2 ]
Trackp >1GeVic, r<0.3 7]

'.‘."'000000

At LHC switch to

enhancement occurs at

~4 GeV/c

Due to different
“‘let” energies?

0.8t

in
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2+1 correlations

associates

N

prima
trigger

; dijet
(trigl)

trigger
(trig2)

Require back-to-back high pr triggers
Enhances possibility of tangential jets

Helen Caines - WSV - Aug 2013
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Symmetric triggers

Near-side

Away-side

| 52 Au+Au, 40-60%

1/N,,,, dN/dAn

PRC 83 (2011)
061901

assoc ntrig1

assoc ntrig2

m Au+Au
e d+Au

5 <p;riel <10 GeV/e
4 < thrig2 < thrigl
1.5 GeV/c < pssec < thrigl

No significant difference between Au+Au and d+Au
No significant difference between near-side and away-side.

Are we sampling surface-biased/unmodified dijets? Or dijets in which
both jets lose similar amounts of energy?

Helen Caines - WSU - Aug 2013
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Asymmetric triggers

—#— Au+Au, Same-side —@&— d+Au, Same-side
—H=— Au+Au, Away-side —©— d+Au, Away-side

PRC 87 (2013) 44903

softening of away-side peak

6 T T T T T 6  r 1 T 1
.5 o =5 o |
<E trigl< e
3 4 . E 3 4 5id 10<E rie!<15 GeV (BEMC
Z 3 55 Z 3 4<p,1e2<10 GeV/c (TPC)
2. ~2 8= 1<pyssoe<10 GeV/e
Z 4 Z 4 S
s -— B0 d
120 22 o 2 1 LI
A(D-q)assoc-q)trim A(1)-(1)assoc-q)trigz Ar]_nassoc-ntri»‘ An_n °°°°° 'n,_=_.,
; 27 T | | T T
] B ]
Still no large shape difference: Q 150 7
near- vs away-sides T L Eﬂ o E
- L 4
Au-Au vs d-Au . .
= 0.5 N
Relative dijet imbalance I oL o 8<E,"el<10 GeV
Au-Au _ d-Au =~ f 0 10< E tiel<]5 GgV
T T w- L ! ]
5-0'8;' I - SR R B
Dijet imbalance indicates slight R Lower threshold of pi**** (GeVic)
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Di-jet coincidence rate

HT trigger, and pr cut on constituents biases trigger jet to “surface”
Au-Au near side jet spectra looks like pp

7:;"' - STAR preliminary
zZ . p, =2 GeVic Trigger Jet:
T - . R=0.4
z r x . Preut = 2 GeVic
= F * . pLiet > 20 GeV/c
- [ ¥
B ptp + - .
. ‘Au—l-Au (0-20%) X Recoil Jet:
107 = A Au+Au (0-20%) unfolded R=04
- v Proust = 2 GeVic
] 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
15 20 25 30

Recoil reconstruction rate suppressed Recoil jet lost when
Softening and/or broadening outside of jet cone medium present

STAR, QM 2009 Helen Caines - WSV - Aug 2013 33



Jet-hadron meets 2+1 Correlations

associates

reconstructe
trigger je
dijet trigger
(trig2)

AN

Require a high-p; hadron ~180° away from reconstructed trigger jet

Helen Caines - WSU - Aug 2013
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STAR, WWND 2011

Jet-hadron and 2+1 Correlations

10 <ppe<20GeVic [P — Pigal > T—0.2

no trig2 requirement

' STAR preliminary ¢
L o O PP

LOW pTassoc M;

1.5 <pgssoc <2 GeV/e

1IN, dN/dAg

1'% STAR preliminary

1_ O p+p
ngh pTassoc °‘°§ e Au+Au

6 <p;sc <8 GeV/e
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STAR, WWND 2011

Jet-hadron and 2+1 Correlations

10 <ppe<20GeVic [P — Pigal > T—0.2

no trig2 requirement p.rig2>2 GeV/e
07
04 E_STAR preliminary ¢ . STAR preliminary ¢
- g OPP

\ O pHp
& e Au+Au¢

LOW pTassoc M;

1.5 <p ssoc <2 GeV/e

=4
d
3
<
-Us 1 0 1 .Z . 3 4 5
z
=
1
oy STAR preliminary I STAR preliminary
1.2F 0sl-
t o pHp : ° pp
" assoc s e Au+Au osf- e Au+Au
High p; ;

6 < pye < 8 GeV/e

PP R R i SR rirai
-1 0 1 2 3 4 5

Ag = Dot ~ Passoc (radians)
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STAR, WWND 2011

Jet-hadron and 2+1 Correlations

10 <ppe<20GeVic [P — Pigal > T—0.2

no trig2 requirement pie? > 2 GeV/e pie? >4 GeV/e
07
ot E_STAR p}'eliminal')’ o osE STAR p;ljeliminal'y 0. osl STAR [{reliminary
L O p+p - O p+p [ :Ib @) p+p l

o Au+Au4

LOW pTassoc oz;

01f
1.5 <p ssoc <2 GeV/e o :
<
T of
=
o N
o 1 0 1 2 3 4 5
g_
-
- 1 : 1
“E 1% STAR preliminary [ P STAR preliminary 'STAR preliminary
12 o.s:— ,, - r
3 o p+p - o p+p
. C e Au+Au 0.6 e Au+Au
Hi gh pTassoc oaf -

6 < pye < 8 GeV/e

PP R R i SR rirai
-1 0 1 2 3 4 5

Ag = Dot ~ Passoc (radians)
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Jet-hadron and 2+1 Correlations

10 < ppet <20 GeV/e

LOW pTaSSOC

1.5 <p ssoc <2 GeV/e

1N, dN/dA@

Hl gh pTassoc

6 < pye < 8 GeV/e

no trig2 requirement

STAR preliminary ¢

[e]

O p+p

o
o

:_ O p+p
e Au+Au

1'% STAR preliminary

|(Pjet o (PtrigZ‘ >n—0.2

p.iie2 > 2 GeV/e

0.8f

0.6

o STAR preliminary

@ p+p
e Au+Au

ol

0 1 2 3 4 5

Ag = Dot ~ Passoc (radians)

STAR, WWND 2011

p,iie2 > 4 GeV/e

0.6

[STAR preliminary

¢ O

Select unmodified jets with phadron > 4 GeV/c requirement.
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Summary

Consistent picture emerging from RHIC studies
* energy loss of high pt goes to many low pt particles at large angles

Heavy flavour ¢ and b potentially loosing similar amounts of energy as
light quarks/gluons even though B Raa > C Raa = light quark/gluon Raa

d-Au data still confusing....
* is there flow?

is the Cronin effect the flow effect?
* mass dependence

Higher stats HF and more light-heavy nuclei collisions would be helpful
* p-Aand pp BES
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*THE END
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Jet v, at ATLAS

o

o

&)
T

L D L
 5-10%  anti-k, R=02] |

L
10-20 %

| LN

| | | L | Y S S W (NN TR ST TN S N ST SR S S
3 I L B s 1 B L L
S 20 - 30 % de,=o_14nb-1;  30-40 %
0.06 ] 1 F .
Pb+Pb \JS— =276TeV] [
0.04 & i " ] I . t .
002 t -\- I t :
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I 1 1 1 1 I 1 1 1 1 I 1 1 1 I
5 B E R A B s I B L) B L B
™ [ 40-50% 111 50 - 60 %
0.06] . * ]
oos ¥ m + + o + ]
0.02f R + .
0 _ """"" 1L ]
| S SR SR SN AN SN SN SN SN SN SN SN A | Y S T W (N T SN R S N S SR S S |
50 100 150 200 50 100 150 200
p, [GeV] p, [GeV]

ATLAS, arXiv:1306.6469 [hep-ex]
Submitted to PRL

Jet v, measured for

45 < pet <210 GeVl/c,
R=0.2
Also observed v et > 0
Different kinematic range

and biases than STAR
measurement

— different trend with pet
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Jets at the LHC

* CMSresult > Energy is distributed to very wide angles

<!> (Gevie)
n H
o o o

S

8

(AR > 0. 8 ~ 1rr/4)

IIIIIIIIIIIIIIII

IIIII

|||||||||

cms R A In-Cone | Out-of-Cone |
Pb+Pb \5,=2.76 TeV T CJo5-1.0Geve AR<08 T AR>0.8 '
fLm:sJ,m" I [J1.0-20GeVc 1
+ [ 2.0-4.0GeVic . =
[ 4.0-8.0 GeV/c T
i : | N >8.0GeV/ic T
. ' s
in-cone
L out-of-cone
0 30% Central PbPb '
|||||||| |||||||||....I....I.II| ..I....|||1|||||||||||||||||||
! 0.1 0.2 0.4 0.1 0.2 0.3 0.4

balanced jets

unbalanced jets

A,

» Similar conclusions for CMS A, and PHENIX y-jet measurements
* Where does the “missing” energy go?

Helen Caines - WSU - Aug 2013
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Jet-hadron Correlations

Intentionally impose a bias towards unmodified
trigger jets! (surface bias?) :

 E;>6 GeV in a single BEMC tower 10 < py’ <20 GeVic

585~ 0.5 < p:“"” <1 GeVic

(Ag x 2*

~ 58

An =0.05x0.05)
o Anti-k; (R = 0.4) using tracks/towers with ¢ ™
> 2 GeV/c o1 \ N

preliminary

HT trigger requirement and constituent p; cut  *%—j—pp oy

4Aq) (rafi)

* Reduce effects of background fluctuations
» Comparison to p+p is more straightforward 3"} Auas, 0201,

10<p’" <20 GeVic

T 0.4}

Trigger (nearside) jet population is highly- s [ 4P <6 GeVic

biased T ot
STAR

» Used to assign uncertainties to shape of proliminary
background (v, and v;) and trigger jet b ]

energy scale
Recoil (awayside) jet fragmentation is unbiased

U.I
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What is jet v,,?

Energy/number of
reconstructed jets may
depend on orientation

to reaction plane.

In-medium pathlength
depends on orientation
to reaction plane

Pathlength-dependent
jet quenching

7 [T T T T
6 A,
. R e
~ 5| Yery
£
Xl LT x
o X I
s | ‘ 1 L9% e -l
\\_:’j 3 s :I '{: .’.i\,\ ........ \
; .‘ 2= R —>
2 L i ofp % R
r ...‘--}( ''''' \\ ‘o0 . o /
l :_ ] \\ \\ 0..‘;”0/ ’,/
o Lx-N. Wang, PRC 63 (2001) 054903 VTN o< S
3 2 a1 0 ] 2 e
¢ (rad.)

o “Jetv,” — correlation between reconstructed jets and the
reaction plane (or 2* -order participant plane)

o “Jetv,” #£“Jet flow” 41




Artificial Sources of Anisotropy

* Background Fluctuations and the Jet Energy Scale
Background particles (with p; > 2 GeV/c) with significant v, are

more likely to be clustered into the jet cone m-plane versus
out-of-plane
— more low-p,. jets reconstructed with a higher p.

— 1ncreased number of m-plane jets 1n a fixed reconstructed
jet p, range

* Biased Event Plane
Jet fragments mcluded 1n event plane calculation
— event plane pulled towards jet
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Background Fluctuations

Embed p+p HT jets 1sotropically into Au+Au minimum bias events

Reconstruct p; of p+p jet before and after embedding

Correlate reconstructed jet axis with event plane of Au+Au event

Calculate jet v, for a given range 1n jet p

~ 0.5
>
STAR Preliminary "
"4 statistical errors 03111 / Jet Detinition
I HT trigger E; > 5.5 GeV
constituent p.t =2 GeV/c
0.2
0'15 i ' . . ' O jet py calculated before embedding
O3 y . © ’ ’ ® jet p, calculated after embedding
0.1F 10 < pget < 40 GeV/e ® difference
0 2: | 1 | 1 1 1
““0-5% 510% 10-20% 20-30% 30-40% 40-50%

Centrality Bin
o Artificial jet v, caused by background fluctuations 1s ~ 4%

o Subtract from measured jet v, values. 43




Jet - Event Plane bias

1.2
i . —— Simulated RP
> 1.15 — a " jet _
'« F —— (Calculated EP, ET =15 GeV
g:’“ 11—~ __°_  —=— Calculated EP,E|" = 30 GeV
n e
= t
T 1.05— v
1:——.——.—=.— ~——7p * - >
0.95— —a—
| ——
- —_—
0.9:— —-
- S
0.85__ — -
| —l—
—_1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 L I 1 L 1 I L 1 1 l 1 1 L
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Ot~ VeP

Simulation:
PYTHIA jets embedded
in thermal background

e Calculating the event plane at mid-rapidity leads to significant

jet — event plane bias!

* Need to determine event plane at forward rapidities to measure

jet v, at mid-rapidity...
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Jet v, vs. Reconstructed Jet p+

~ 0.5
>
© STAR Preliminary
= 04 tatictical errore
statistical errors only
0.3

o
N

lllllllll llllllllllllllllllllllll
L

]
0.1 } ¢
o B + }
0
: |
-0.1
10-50% central
_0_2 | | |

|
HT 10-12 12-15 15-40
Reconstructed Jet P, (GeVl/c)

o Jetv,{FIPC} increases slightly with jet p;

o Jetv,{FTPC} > Jet v, {ZDC-SMD}

Jet Definition:
HT trigger E. > 5.5 GeV
constituent pout =2 GeV/e

® Jetv {TPC EP}
® Jetv {FTPC EP}
® Jetv {ZDC-SMD EP}

— In single-particle v, measurements, this difference 1s attributed
to flow 1n participant plane vs. reaction plane, v,(PP) > v,(RP)
— Jet energy loss sensitive to geometry in participant frame?
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Jets in pp

e Jets in pp are well-described by
pQCD

108§I T T T [ T T T T | T T T T I T T T T [ T T T T | T E
: (a):

7
1075 STAR E
s p+p—jet + X =
10°E \5=200 GeV E
E = midpoint-cone -
; 1 05 EE leone=0.4 EE
s F 0.2<n<0.8 -
S510°E E
8 F =
§10°F E
10°E . =
= —&— Combined MB 3
10'§_ —e— Combined HT 1§'
1~ —— NLO QCD (Vogelsang) i -
P I E IS SR R R
> 1.8 Systematic Uncertainty (b):g
S 1 4§: ------------------ Theory Scale Uncertainty =
£ T E =
Z 105 =
© = =
5 0.6 =
o =- =
0.2 =

0
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Jet Spectra at RHIC

* For the first time — Full jet reconstruction in a heavy ion environment

* Different methods of jet reconstruction, background subtraction, fake-
jet rejection

—-— kt R=0.2

L - A —
S 107 u+Au at\[s,,=200 GeV/c — 10° _
O - o | O PHENIX Preliminary
S .f 10 % most central events S 105E— Run—5 Cu + Cw\s,,, = 200 GeV/c
= 10 3 8 oE Gaussian filter,o = 0.3
U._ - STAR Pre“mmary = 107 — uncorrected p + p compared to
% 10°L QM 2009 ~ 1077 : background—unfolded Cu + Cu
2 - -
'U‘- N -8-“ 10—8 280, QM 2009
510°L IS

Z810 : —— § 107 {=E=§
" 107k , 107 cu+cu p+px7jlf*i

= —=— anti-kt R=0.4 éw _110.*0-20% °0-20%

- T 1072 = 20-40% ©20-40%

- [ 40-60% - 40-60%
10° - S0 e . e
—E— anti-kt R=0.2 10—13 1111 | 1111 | L1l | 1111 | 111 I 1 1 | | I 1 11 11 | L1l
-g 1 | L1l [ L1l I L1 1 | Ll 1 | Ll 1 | Ll 1 | L1l O 5 1 0 1 5 20 25 30 35 40 45 50
10°°5"90 20 30 40 50 60 PP (GeV/c)
pf‘ (GeV/e)
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Awayside |aa

AA
[
=

L

1

Awayside

P 10 < p*" <15 GeV/e

15 < p*"* <20 GeV/e

10 =

I lll I lll I lll I lll IIEEIIIII IIIIIIIIIIIIIIIIIIIII IIII:
_‘2510:—“”' ol I I I o 2 4 6 8§ 10 12 1 16
> F : | U (GeV/e)
E L -
= [ ]
> L .

5
< B AutAu, 0-20% sy = 200 GeV

10-1 -

1416

paTSSOc (GeV/e)

- detector uncertainty

v, and v, uncertainty

| trigger jet uncertainty
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Compare to PHENIX results

&10.,1 [oso75}a[o.so7s1c;ewc T [0.5075]@[101.25]6ch Jrox10”
i 0 Y, 0% T - v
[0 oV o deAu |5, =200GeV g s
6 ® AYzYgY, T " Jam< [0.48,0.7] 3
: Ea w2 ros(2w) 1T ] 3
4 24 ? Tl 2
[ =9 g Q d T
o F 2
r + . 4
2 of £ NG 2B = I
:‘ E' i 1 1 1 1 D-SI-_ l_--2
'_': 7:_..............1....,.........._:___..n.........................._‘3
S b, [050.75]8[1.5,20] GeVic f [0.50.75]2[20,25] GeVic 3
= o .
; = EPY
4t ,_JIJ 3
3: .
b 1 =
2f 3
Of——-¢-Af- N - OBl R 0 "E
Ao/ T NIPTORTTTNN . o SRR SRR T K
4

Note: not exact p; matching

0.1 0.03
r 0.5<p, <1GeVic, 0.5<|An|<0.7 05 <pl <1 GeVic, 1 <p” < 1.5 GeVic, 0.5<|an|<0.
008 * TPC cent. 0-20% ZYAM=1.0152+0.0152 0.025— ® TPC cent. 0-20% ZYAM=0.2804:0.0110
r © TPC cent. 50-80% ZYAM=0.2989:0.0133 E © I“E ent. 50-80% ZYAM=0.06930.0092
L 0.02— IR
0.06— =0.58:0.08, o”-o 74:0.15 = i 20.53+0.08, ¢ _o 79+0%] 14
L 0015 W
el 001
002 0.005
L 0
0 G
O UlA\ N EEHVIINARA Cov b b Dm v v
0 —15 "'%J'zl‘l el *0.005 =3 0 T 2 3 2
» (t) (a) 0:008 (t) (a)
00105 <p. " <1 GeVic, 1.5 <p " <2 GeVic, 0.5<|An|<0. 0.007 B.5<p <1 GeVic, 2 <p_" <3 GeVic, 0.5<|An|<0.7
0012 * TPC cent. 0-20% ZYAM=0.0829:0.0081 0,006 * TPC cent. 0-20% ZYAM=0.0354:0.0066
C < TPC cent. 50-80% ZYAM=0.0179=0.0066 '
— 0.005
F G,s=0.42:0.07, 6__=0.67=0, !
- [k, =0.77:0.06,_=1.62 L’;z' 0.004
E 0.003
- 0.002
C 0.001,
E oz )
L

PHENIX not normalized by bin size?
Factor would be: 0.22x2x0.314=0.13

Then good consistency for the two high-pt bins.

Not so for the two low-p; bins.

-0.001

||I||||I:|||T||||I||||I||||I|||
-0.002 2 2 3
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